ASASSN-18tb: A Most Unusual Type Ia Supernova Observed by TESS and SALT by Vallely, P. J. et al.
Mon. Not. R. Astron. Soc. 000, 1–14 (2019) Printed 20 January 2020 (MN LATEX style file v2.2)
ASASSN-18tb: A Most Unusual Type Ia Supernova Observed
by TESS and SALT
P. J. Vallely1, M. Fausnaugh2,3, S. W. Jha4,5, M. A. Tucker6, Y. Eweis4, B. J. Shappee6,
C. S. Kochanek1,7, K. Z. Stanek1,7, Ping Chen8, Subo Dong8, J. L. Prieto9,10,
T. Sukhbold1,7, Todd A. Thompson1,7,11, J. Brimacombe12, M. D. Stritzinger13,
T. W.-S. Holoien14, D. A. H. Buckley15, M. Gromadzki16, Subhash Bose8
1Department of Astronomy, The Ohio State University, 140 West 18th Avenue, Columbus, OH 43210, USA
2Department of Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
3Kavli Institute for Astrophysics and Space Research, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
4Department of Physics and Astronomy, Rutgers, the State University of New Jersey,136 Frelinghuysen Rd., Piscataway, NJ 08854, USA
5Center for Computational Astrophysics, Flatiron Institute, 162 5th Avenue, New York, NY 10010, USA
6Institute for Astronomy, University of Hawai’i, 2680 Woodlawn Drive, Honolulu, HI 96822, USA
7Center for Cosmology and AstroParticle Physics, The Ohio State University, 191 W. Woodruff Ave., Columbus, OH 43210, USA
8Kavli Institute for Astronomy and Astrophysics, Peking University, Yi He Yuan Road 5, Hai Dian District, Beijing 100871, China
9Núcleo de Astronomía de la Facultad de Ingeniería, Universidad Diego Portales, Av. Ejército 441, Santiago, Chile
10Millennium Institute of Astrophysics, Santiago, Chile
11Institute for Advanced Study, 1 Einstein Drive, Princeton, NJ 08540, USA
12Coral Towers Observatory, Cairns, Queensland 4870, Australia
13Department of Physics and Astronomy, Aarhus University, Ny Munkegade 120, DK-8000 Aarhus C, Denmark
14Carnegie Observatories, 813 Santa Barbara Street, Pasadena, CA 91101, USA
15South African Astronomical Observatory, PO Box 9, Observatory 7935, Cape Town, South Africa
16Warsaw University Astronomical Observatory, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
Accepted xxx Received xx; in original form xxx
ABSTRACT
We present photometric and spectroscopic observations of the unusual Type Ia
supernova ASASSN-18tb, including a series of SALT spectra obtained over the course
of nearly six months and the first observations of a supernova by the Transiting Exo-
planet Survey Satellite (TESS). We confirm a previous observation by Kollmeier et al.
(2019) showing that ASASSN-18tb is the first relatively normal Type Ia supernova to
exhibit clear broad (∼ 1000 km s−1) Hα emission in its nebular phase spectra. We
find that this event is best explained as a sub-Chandrasekhar mass explosion produc-
ing MNi ≈ 0.3 M. Despite the strong Hα signature at late times, we find that the
early rise of the supernova shows no evidence for deviations from a single-component
power-law and is best fit with a moderately shallow power-law of index 1.69 ± 0.04.
We find that the Hα luminosity remains approximately constant after its initial de-
tection at phase +37 d, and that the Hα velocity evolution does not trace that of the
Fe III λ4660 emission. These suggest that the Hα emission arises from a circumstel-
lar medium (CSM) rather than swept up material from a non-degenerate companion.
However, ASASSN-18tb is strikingly different from other known CSM-interacting Type
Ia supernovae in a number of significant ways. Those objects typically show an Hα
luminosity two orders of magnitude higher than what is seen in ASASSN-18tb, push-
ing them away from the empirical light curve relations that define “normal” Type Ia
supernovae. Conversely, ASASSN-18tb exhibits a fairly typical light curve and lumi-
nosity for an underluminous or transitional SN Ia, with MR ≈ −18.1 mag. Moreover,
ASASSN-18tb is the only SN Ia showing Hα from CSM interaction to be discovered
in an early-type galaxy.
Key words: supernovae: general – supernovae: individual: (ASASSN-18tb,
SN 2018fhw) – techniques: spectroscopic – circumstellar matter
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1 INTRODUCTION
It has been known for some time that Type Ia supernovae
(SNe Ia) are the result of the thermonuclear explosion of a
carbon-oxygen white dwarf (CO WD) triggered by a com-
panion (Hoyle & Fowler 1960; Colgate & McKee 1969; Nu-
gent et al. 2011a). However, the physical nature of this com-
panion and the details of the explosion mechanism remain
an active area of debate. Broadly speaking, SN Ia progeni-
tor models can be grouped into two categories – the single-
degenerate (SD) and double-degenerate (DD) scenarios.
In the standard DD scenario, a tight WD-WD binary
loses energy and angular momentum via gravitational wave
emission before undergoing tidal interactions and subse-
quently exploding (Tutukov & Yungelson 1979; Iben & Tu-
tukov 1984; Webbink 1984; Shen et al. 2012). Thompson
(2011) proposed that SNe Ia originate from triple systems,
and showed that Lidov-Kozai oscillations driven by a ter-
tiary companion can accelerate WD-WD mergers via grav-
itational wave radiation and implied that they may lead to
WD-WD collisions. Katz & Dong (2012) and Kushnir et al.
(2013) proposed and found supporting evidence suggesting
that WD-WD direct collisions in triple systems may be a
major channel for SNe Ia. Further evidence for SNe Ia pro-
duced through this scenario has been found by Dong et al.
(2015) and Vallely et al. (2019) in the form of bimodal dis-
tributions of 56Ni decay products in nebular phase spectra.
In the canonical SD scenario, the WD accretes mat-
ter from a non-degenerate stellar companion, eventually ap-
proaching the Chandrasekhar limit and undergoing a ther-
monuclear runaway (Whelan & Iben 1973; Nomoto 1982;
Han & Podsiadlowski 2004). The stellar companion will be
struck by the supernova ejecta shortly after explosion, lead-
ing directly to a number of observable signatures. First, the
companion interaction should lead to excess emission in the
early-phase light curve. Although this emission is strongly
dependent on the characteristics of the stellar companion
and the viewing angle of the system, Kasen (2010) showed
that it should be observable for an appreciable number of
SNe Ia. Additionally, material stripped from the companion
star should produce hydrogen emission lines visible in late-
time nebular spectra (Wheeler, Lecar & McKee 1975; Mari-
etta, Burrows & Fryxell 2000; Pan, Ricker & Taam 2012b;
Liu et al. 2012; Boehner, Plewa & Langer 2017). Finally,
the ejecta interactions impact the post-explosion properties
of the stellar companion (see, e.g., Podsiadlowski 2003, Pan,
Ricker & Taam 2012a, and Shappee, Kochanek & Stanek
2013).
Early time observations are being obtained for steadily
increasing numbers of SNe Ia. Most of these efforts have
focused on finding or placing upper limits on excess emis-
sion due to ejecta colliding with a nearby SD companion,
although Stritzinger et al. (2018) have also found evidence
that the early time optical colors are correlated with the
post-peak decline rates. The searches for distortions in the
early time light curves have produced mixed results. Many
SN Ia light curves do not show evidence of companion in-
teraction. The nearby Type Ia SN 2011fe had an early-
phase light curve consistent with a single-component power-
law (Nugent et al. 2011a; Bloom et al. 2012), and early-
time observations of SN 2009ig are inconsistent with the
Kasen (2010) interaction models (Foley et al. 2012). Addi-
tionally, Olling et al. (2015) found no evidence for ejecta-
companion interaction when examining three SNe Ia ob-
served by Kepler (Borucki et al. 2010). Based on early ex-
cess non-detections, Shappee et al. (2016) were able to rule
out most non-degenerate companions for ASASSN-14lp, and
Holmbo et al. (2018) were able to place even tighter con-
straints on SN 2013gy.
However, this is not the case for all events. An early
linear phase in the light curve of SN 2013dy was observed
by Zheng et al. (2013), and observations of SN 2014J show
evidence for additional early-time structure (Zheng et al.
2014; Goobar et al. 2015; Siverd et al. 2015). Contreras
et al. (2018) found that the light curve of SN 2012fr had
an initial roughly linear phase that lasted for ∼ 2.5 days,
and K2 observations of ASASSN-18bt showed a similar ∼ 4
day linear phase (Brown et al. 2018; Shappee et al. 2019; Li
et al. 2019; Dimitriadis et al. 2019a). Additionally, Marion
et al. (2016) found potential indications of interaction with
a non-degenerate binary companion in SN 2012cg, although
this interpretation is challenged by Shappee et al. (2018).
Searches for hydrogen emission lines at late times
as evidence for stripped material have largely failed. No
such signatures were detected for SNe 1998bu and 2000cx
(Lundqvist et al. 2013), SN 2001el (Mattila et al. 2005), SNe
2005am and 2005cf (Leonard 2007), SN 2012cg (Shappee
et al. 2018), SN 2013gy (Holmbo et al. 2018), or SN 2017cbv
(Sand et al. 2018), nor were they detected by Graham et al.
(2017) in 8 other SNe Ia. The nearby SNe Ia 2011fe and
2014J were particularly well-studied events (Brown et al.
2012; Munari et al. 2013; Mazzali et al. 2014; Foley et al.
2014; Goobar et al. 2014; Galbany et al. 2016; Vallely et al.
2016; Dhawan et al. 2018), but they too showed no hydro-
gen emission in their late-time spectra (Shappee et al. 2013;
Lundqvist et al. 2015; Sand et al. 2016).
Even SN 2012cg, SN 2012fr, and ASASSN-18bt, events
with early excess emission potentially indicative of a single-
degenerate progenitor system, did not have hydrogen in their
nebular phase spectra (Shappee et al. 2018; Graham et al.
2017; Tucker, Shappee & Wisniewski 2018; Dimitriadis et al.
2019b). Maguire et al. (2016) looked at a sample of 11 nearby
SNe Ia and found tentative evidence for Hα emission in
only one event. Sand et al. (2019) examined 8 fast-declining
SNe Ia at nebular phase and could only place upper lim-
its on Hα emission. Furthermore, using new and archival
spectra of over 100 SNe Ia, Tucker et al. (2019) found no
evidence for the hydrogen or helium emission expected from
a non-degenerate companion.
There exists a rare class of thermonuclear SNe that
show evidence for interaction with a H-rich circumstellar
medium (CSM), the archetype of which is SN 2002ic (Hamuy
et al. 2003; Deng et al. 2004; Wang et al. 2004; Wood-Vasey,
Wang & Aldering 2004). Other well-studied “SNe Ia-CSM”
include SN 2005gj (Aldering et al. 2006; Prieto et al. 2007;
Trundle et al. 2008), SN 2008J (Taddia et al. 2012; Fox et al.
2013), and PTF 11kx (Dilday et al. 2012). Silverman et al.
(2013) identified a number of new events and produced the
most detailed analysis to date of this class of transients.
While H emission signatures are present in these SNe, they
are due to interaction with a H-rich CSM and do not con-
stitute detections of stripped companion material (Maguire
et al. 2016). These events do not obey the empirical light
curve relations (e.g., Phillips 1993; Prieto, Rest & Suntzeff
c© 2019 RAS, MNRAS 000, 1–14
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Figure 1. Photometric observations of ASASSN-18tb. Ground-based BV gri photometry obtained with LCOGT, ASAS-SN, and
SMARTS is shown on the left, and space-based TESS and Swift UVOT photometry is shown on the right. The TESS photometry
is shown for 24 hour bins. Marker colors indicate the filter, and marker shapes indicate the source of the data. Error bars are shown for
all points, but can be smaller than the symbol used to represent the data. The photometry is not corrected for Galactic extinction. The
shaded bands in the left panel show the MLCS2k2 fit (Jha, Riess & Kirshner 2007) to the LCOGT light curve.
2006; Burns et al. 2014) that define “normal” SNe Ia, and
they are also considerably brighter (by ∼ 1 mag) than typi-
cal SNe Ia (Silverman et al. 2013).
To date, only one normal Type Ia SN, ASASSN-18tb
(Brimacombe et al. 2018), shows compelling evidence for
strong Hα emission (Kollmeier et al. 2019). Even here, the
phenomenon is clearly rare, as it is the only example in the
sample of 75 spectra obtained to date for the well-defined
100 Type Ia Supernova sample (100IAS, Dong et al. 2018)
and there were none in the larger, heterogeneous sample of
Tucker et al. (2019). ASASSN-18tb was also observed by
TESS (Ricker et al. 2015), providing a high cadence, early-
time light curve. Here we report on these TESS observa-
tions as well as on additional ground based photometry and
spectroscopy. We describe the observations in §2, the TESS
systematics in §3, the TESS early-time light curve in §4, the
spectroscopic characteristics in §5, and discuss the results in
§6.
2 OBSERVATIONS
2.1 Discovery and Host Galaxy
ASASSN-18tb (SN 2018fhw) was discovered by the All-
Sky Automated Survey for Supernovae (ASAS-SN; Shappee
et al. 2014; Kochanek et al. 2017; Holoien et al.
2017a,b,c, 2019) in images obtained on UT 2018-08-21.31
(JD 2 458 351.81) at J2000 R.A. 04h18m06.s149 and Decl.
−63◦36’56.′′68 (Brimacombe et al. 2018; Brimacombe & Val-
lely 2018). From the Schlafly & Finkbeiner (2011) recali-
bration of the Schlegel, Finkbeiner & Davis (1998) infrared-
based dust map, we find that the supernova suffers relatively
little Galactic extinction, E(B − V ) = 0.03 mag.
ASASSN-18tb is located 4.′′8 south and 1.′′9 east of the
center of 2MASX J04180598–6336523, an extended source
in the Two Micron All Sky Survey (2MASS; Skrutskie
et al. 2006) with magnitudes mJ = 15.06 ± 0.11, mH =
14.23 ± 0.13, and mK = 13.88 ± 0.17. Prior to the discov-
ery of ASASSN-18tb, there were no public spectroscopic ob-
servations of 2MASX J04180598-6336523. However, when
obtaining a classification spectrum of the supernova, Eweis
et al. (2018) also obtained a spectrum of the host galaxy.
Using cross-correlations with galaxy templates, they found
that it has a heliocentric redshift of 5090 ± 30 km s−1
(z = 0.0170 ± 0.0001). This redshift yields a luminosity
distance of 74.2 Mpc assuming H0 = 69.6 km s−1 Mpc−1,
ΩM = 0.286, and ΩΛ = 0.714 (Wright 2006; Bennett et al.
2014).
Using the Supernova Identification code (SNID; Tonry
& Davis 1979; Blondin & Tonry 2007), Eweis et al. (2018)
classified ASASSN-18tb as a spectroscopically normal SN Ia
based on a SALT spectrum obtained on UT 2018-08-23.3,
finding a good match to the Type Ia SN 2003iv at a phase
of +1 day beyond maximum light. Kollmeier et al. (2019)
find that, like SN 2003iv (Blondin et al. 2012), ASASSN-
18tb has a “cool” sub-classification in the scheme of Branch
et al. (2006), and that photometrically, ASASSN-18tb is a
fast-declining, sub-luminous SN Ia.
2.2 Photometry
We present photometric observations obtained over the
course of 70 days, beginning at MJD 58343 (see Figure 1).
Most of the ground-based observations were obtained using
the 1m telescopes and Sinistro CCDs of the Las Cumbres
Observatory Global Telescope Network (LCOGT; Brown
et al. 2013). Additional high-cadence observations near max-
imum light were obtained using the quadruple 14-cm ASAS-
SN telescopes “Cassius” and “Bohdan Paczyński” deployed
in Cerro Tololo, Chile. We also present late-time B and V
band observations obtained using the ANDICAM instru-
ment (DePoy et al. 2003) mounted on the 1.3-m telescope at
the Cerro Tololo Inter-American Observatory (CTIO) oper-
ated by the Small & Moderate Aperture Research Telescope
System (SMARTS) Consortium.
c© 2019 RAS, MNRAS 000, 1–14
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ASAS-SN images are processed in an automated
pipeline using the ISIS image subtraction package (Alard &
Lupton 1998; Alard 2000). Using the IRAF apphot pack-
age, we performed aperture photometry on the subtracted
images and then calibrated the results using the AAVSO
Photometric All-Sky Survey (APASS; Henden et al. 2015).
Reduced images (after bias/dark-frame and flat-field cor-
rections) from LCOGT and the SMARTS 1.3m telescope
were downloaded from the respective data archives. We
perform point-spread-function (PSF) photometry using the
DoPHOT (Schechter, Mateo & Saha 1993) package. Opti-
cal photometry in the B, V , r, and i bands were calibrated
using the APASS standards.
We also obtained images in the V , B, U , UVW1,
UVM2 and UVW2 bands with the Neil Gehrels Swift Ob-
servatory ’s Ultraviolet Optical Telescope (UVOT; Roming
et al. 2005). The Swift UVOT photometry is extracted us-
ing a 5.′′0 aperture and a sky annulus with an inner radius
of 15.′′0 and an outer radius of 30.′′0 with the uvotsource
task in the heasoft package. The Swift UVOT photom-
etry is calibrated in the Vega magnitude system based on
the revised zero-points and sensitivity from Breeveld et al.
(2011).
We characterize the ASASSN-18tb light curve using the
Jha, Riess & Kirshner (2007) update of the Riess, Press &
Kirshner (1996) and Riess et al. (1998) multicolor light-curve
shape method, MLCS2k2. We find that the peak of the B
light curve occurred at t0 = 58357.33 ± 0.12 MJD. We ref-
erence our observations to this inferred date of maximum
light throughout this work. After accounting for Galactic
extinction, we find that extinction from the host galaxy is
negligible. The MLCS2k2 fit yields a light-curve shape pa-
rameter ∆ = 1.41 ± 0.03, squarely in the fast-declining re-
gion of parameter space. It has a color stretch of sBV ≈ 0.44
and ∆m15(B) ≈ 2.0 mag using the relations given by Burns
et al. (2018). These results are in agreement with those of
Kollmeier et al. (2019), who find sBV = 0.50 ± 0.04 and
∆m15(B) = 2.0 ± 0.1 mag using the SNooPy light curve
fitter (Burns et al. 2011). Our MLCS2k2 fits give peak ab-
solute magnitudes for ASASSN-18tb ofMB = −17.66±0.09
and MV = −18.05± 0.09 mag and a slightly closer distance
(65 ± 4 Mpc) than the distance of 74.2 Mpc inferred from
the redshift. The difference is roughly consistent with the
peculiar velocity uncertainty at this redshift (∼0.13 mag,
e.g., Reindl et al. 2005).
Located near the Southern TESS continuous viewing
zone, ASASSN-18tb was well-observed by TESS. This al-
lowed us to extract the Sector 1 and 2 TESS light curves
that we present in this paper. We used image subtraction
(Alard & Lupton 1998; Alard 2000) on the full frame images
(FFIs) from the first TESS data release to produce high fi-
delity light curves. In principle it is possible to generate a
single reference image and then rotate it accordingly for use
during multiple sector pointings, but the large pixel scale of
the TESS observations makes this particularly difficult and
introduces a relatively large source of uncertainty.
We instead chose to construct independent reference
images for each sector. The Sector 1 reference image was
constructed using 100 FFIs obtained between MJD 58324.8
and 58326.88, and the Sector 2 reference image was con-
structed using 100 FFIs obtained between MJD 58353.63
and 58355.69. In each case these are the first 100 FFIs ob-
tained during the sector. The light curves change little when
different images are used to build the reference, and our light
curves are consistent with those obtained using the public
TESS aperture photometry tool eleanor1 (Feinstein et al.
2019).
Because the Sector 2 reference was constructed from
images containing a considerable amount of flux from the
supernova, fluxes in the raw difference light curve for Sec-
tor 2 are systematically lower than the intrinsic values. We
correct for this by using a power-law fit (described in more
detail in Section 4) to align the Sector 1 and 2 light curves.
The offset is calculated by fitting the first day (48 epochs) of
Sector 2 photometry to the best-fit single-component power-
law for the Sector 1 photometry.
The Sector 1 and 2 fluxes were converted into TESS -
band magnitudes by adopting a zero point of 20.44 electrons
per second in the FFIs, based on the values quoted in the
TESS Instrument Handbook2. TESS observes in a single
broad-band filter, ranging from about 6000–10000Å with
an effective wavelength of ∼8000 Å, and the TESS magni-
tude system is calibrated to the Vega system (Sullivan et al.
2015).
The complete photometry is shown in Figure 1, and all
of the data is available in machine-readable format in the
online version of the paper.
2.3 Spectroscopy
The bulk of the spectra we present in this paper were ob-
tained using the Southern African Large Telescope (SALT)
with the Robert Stobie Spectrograph (Buckley, Swart &
Meiring 2006). We used the PG0900 grating with a 1.′′5 slit
at multiple tilt positions to cover the optical wavelength
range with a typical resolution of R ∼ 1000. The total ex-
posure time varied from 1932 to 3000 seconds as the super-
nova faded. Our first spectrum provided the classification re-
ported by Eweis et al. (2018) and was obtained on UT 2018-
08-23, four days before ASASSN-18tb attained maximum
light. Our last spectrum was taken on UT 2019-01-25, nearly
150 days after maximum light. The SALT spectra were re-
duced using a custom pipeline based on the PySALT pack-
age (Crawford et al. 2010), which accounts for basic CCD
characteristics (e.g., cross-talk, bias and gain correction),
removal of cosmic rays, wavelength calibration, and relative
flux calibration. Standard IRAF/Pyraf routines were used to
accurately account for sky and galaxy background removal.
The 1D spectra are delivered with a nominal disper-
sion of ∼ 1Å/pixel. For our analysis in §5, each spectrum is
rebinned to 7Å/pixel which is the approximate spectral res-
olution at Hα. The RMS of the original pixels within each
bin is used to estimate the uncertainty at each wavelength
in the rebinned spectrum. To model the continuum we use a
2nd-order Savitsky-Golay polynomial of variable width. The
continuum fit width is varied from 2 000 − 5 000 km s−1 at
each pixel, and we take the median of these values as the
continuum level and the RMS as the uncertainty.
Because of the instrument design, which has a moving,
1 https://adina.feinste.in/eleanor/
2 https://archive.stsci.edu/missions/tess/doc/TESS_
Instrument_Handbook_v0.1.pdf
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ASASSN-18tb 5
Table 1. Power-law Fits.
Model z (µJy) t1 (MJD) h1 (µJy) a1 t2 (MJD) h2 (µJy) a2 χ2/ν
Fireball −0.6± 0.6 58340.48± 0.06 4.82± 0.06 ≡ 2 · · · · · · · · · 0.995
Single +0.9± 0.9 58341.68± 0.16 12.3± 1.50 1.69± 0.04 · · · · · · · · · 1.007
Double +0.6± 0.6 58340.61± 0.37 4.32± 1.41 1.99± 0.10 58345.73± 0.12 36.23± 5.56 0.45± 0.11 1.003
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Figure 2. SALT and du Pont spectra of ASASSN-18tb obtained
at phases ranging from pre-maximum light to the early nebular
phase. Note the clear presence of Hα emission in the nebular
phase spectra. Also shown for comparison are spectra of the fast-
declining SNe Ia 2003iv, 1998bp, and 1986G (Richardson et al.
2001; Hamuy et al. 2002; Blondin et al. 2012). The ASASSN-
18tb spectra have been smoothed using a Savitzky-Golay filter
for presentation.
field-dependent and under-filled entrance pupil, observations
of spectrophotometric flux standards do not suffice to pro-
vide accurate absolute flux calibration for SALT observa-
tions (see, e.g., Buckley et al. 2018). Therefore, in order to
characterize the interesting Hα signature in our spectra, we
recalibrate our observed spectra to match the measured pho-
tometry using a low-order polynomial in wavelength. Fortu-
nately, we have contemporaneous LCOGT BV ri coverage
for most of our spectroscopic epochs and can perform the
absolute flux calibration reasonably well (± 5% estimated
uncertainty). For the three late-phase spectra obtained be-
yond MJD 58420, we do not have sufficient multi-filter cover-
age from our photometric observations, so we estimate BV ri
from extrapolations of theMLCS2k2 fits. In this regime, we
assume our flux calibration error is of order ±10%.
We also obtained one lower-resolution spectrum with
SALT on UT 2018-10-22 using the PG0300 grating and the
same 1.′′5 slit, yielding R ≈ 350 in a 1600 second exposure at
one grating tilt position. We further observed ASASSN-18tb
with the B&C spectrograph on the Irénée du Pont telescope
at Las Campanas Observatory on UT 2018-09-14 using the
300 line grating with the 150 µm slit in three 1000 second
exposures. These spectra were reduced using standard rou-
tines, and recalibrated to match the photometry as described
above. Because of the lower spectral resolution, we have not
used these spectra in the further analysis described below.
Figure 2 shows the spectral evolution of ASASSN-18tb with
other fast-declining SNe Ia for comparison.
3 TESS SYSTEMATICS
The raw TESS Sector 1 image subtraction light curve of
ASASSN-18tb is shown in blue in the left panel of Fig-
ure 3. It is clear by inspection that there are a number of
systematic artifacts present in the data, some of which are
fairly well understood and discussed in the TESS Instrument
Handbook and TESS Data Release Notes3. For instance, we
observe high frequency ∼ 24 hour oscillations in the light
curve that are likely introduced in the image backgrounds
by the rotation of the Earth, as discussed in Section 1.3 of
the Sector 1 TESS Data Release Notes4.
While these low-level oscillations are not significant for
the scientific goals of our analysis, some of the other sys-
tematics present in the data are. Section 7.3.2 of the TESS
Instrument Handbook discusses the presence of a patch of
scattered Earthlight in TESS FFIs whose structure and in-
tensity depends on the Earth elevation, azimuth, and dis-
tance. We visually inspected the TESS Sector 1 FFIs and
found that the brightest component of this patch is spa-
tially coincident with ASASSN-18tb for ∼ 3 days at the
start of each orbit. No straightforward method exists to ac-
count for this artifact in our reductions, so we exclude these
artifact regions from our analysis. These exclusion windows
are shown as the gray shaded regions in the left panel of
Figure 3.
The raw light curve suggests the presence of significant
pre-explosion emission for ∼ 10 days prior to the super-
nova. Such a signature is entirely unprecedented for SNe Ia,
both theoretically and observationally, so we put some effort
into investigating its origin. To do so, we obtained image
subtraction light curves for a 5 × 5 grid of test coordinates
surrounding ASASSN-18tb using the same reference image
(shown in Figure 4 overlayed on a sample FFI). The sources
were spaced 3 TESS pixels away from one another to en-
sure sampling on a large spatial scale. The resulting test
3 https://archive.stsci.edu/tess/tess_drn.html
4 https://archive.stsci.edu/missions/tess/doc/tess_drn/
tess_sector_01_drn01_v01.pdf
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Figure 3. The TESS Sector 1 light curve of ASASSN-18tb obtained using image subtraction. The raw and detrended light curves of
ASASSN-18tb are shown on the left, as well as the artifact-tracing light curve of Stars 1 and 2 (see text for details). Flux values for
every epoch are shown in lighter colors, and a 6 hour rolling median of these flux values is shown in darker colors. Vertical gray regions
indicate times when considerable scattered Earthshine artifacts are present. The detrended TESS light curve of ASASSN-18tb as well as
three simple power-law fits and their residuals are shown on the right. Normalized flux is given relative to the maximum Sector 1 flux of
0.701 mJy. Although the rise is shallower (with index 1.69± 0.04) than that of a simple expanding fireball model, there is no compelling
evidence for additional structure beyond a single-component power law.
light curves are shown in Figure 5. We note that the light
curves obtained for the test coordinates located at C4 and
D3 show a similar bump artifact.
C4 and D3 lie very near the positions of two rela-
tively bright stars in the Gaia Data Release 2 catalog (Gaia
Collaboration et al. 2016, 2018; Arenou et al. 2018): Gaia
DR2 4676041915767041280 (GRP = 12.3438 ± 0.0005 mag)
and Gaia DR2 4676043427595528448 (GRP = 13.653 ±
0.001 mag), respectively. Here we will simply refer to the
two stars as Star 1 and Star 2, where Star 1 is the star
nearest to point C4 (Gaia DR2 4676041915767041280) and
Star 2 is the star nearest to the point D3 (Gaia DR2
4676043427595528448). The mean combination of the Star
1 and Star 2 light curves traces the early-time artifact struc-
ture in the ASASSN-18tb light curve better than either of
the individual light curves. When either of the star light
curves is used by itself, the pre-explosion light curve shows
a small linear residual. As can be seen in Figure 3, this is
not the case when the mean combination is used.
We thus use the mean combination of the Star 1 and
Star 2 light curves in order to correct for systematics. This is
shown as the red artifact light curve in Figure 3. We subtract
this artifact light curve from the raw ASASSN-18tb light
curve, emphasizing that we apply no multiplicative factor to
match the scale of the bump artifact in the two light curves.
That the two light curves exhibit nearly identical structure
prior to explosion further confirms that the bump is an arti-
fact and not intrinsic to the supernova. After removing the
bump artifact, we force the flux zeropoint of the detrended
light curve to the average value of the observations obtained
from MJD 58327.5 to 58338, corresponding to an average of
all observations obtained over the first Sector 1 orbit after
removing the window where the bright patch of scattered
Earthlight is spatially coincident with ASASSN-18tb.
4 EARLY LIGHT CURVE
The TESS light curve of ASASSN-18tb, after accounting for
the systematics described in Section 3, is shown in the right
panel of Figure 3. It is also provided in machine-readable
format in the online version of the paper. The light curve
does not show evidence of the double-component rise ob-
served for ASASSN-18bt by K2 (Shappee et al. 2019; Dim-
itriadis et al. 2019a), but motivated by the identification of
strong Hα emission in the spectra of this supernova, we fit
a number of power-law models to the light curve in order
to better characterize its properties. The light curve uncer-
tainties were estimated by measuring the root-mean-square
scatter σ of the pre-explosion observations obtained between
MJD 58327.5 and 58338.
The simplest of these models is the expanding fireball
model, f = z+ h1(t− t1)2, with three parameters. The fire-
ball model assumes a homologously expanding ejecta, which
determines the temporal exponent (Riess et al. 1999; Nugent
et al. 2011b). We also fit arbitrary index power-law models
of the form
f = z when t < t1, (1)
f = z + h1(t− t1)α1 when t1 < t < t2, (2)
f = z + h1(t− t1)α1 + h2(t− t2)α2 when t2 < t, (3)
where we obtain a single-component fit by simply fix-
ing h2 ≡ 0. The single-component power-law model thus
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Figure 4. The 5 × 5 grid of points for which we obtain image
subtraction light curves. The image is the median combination
of the last 100 TESS Sector 1 FFIs, when the SN is brightest in
Sector 1. The grid points are spaced 3 TESS pixels away from one
another (∼ 63′′). The red circle at the center of the grid (point
C3) indicates the location of ASASSN-18tb, and the two magenta
circles located near points C4 and D3 indicate the locations of
Star 1 and Star 2, respectively, the stars we consider as tracers of
artifacts in the raw supernova light curve.
has four parameters, while the double-component power-
law model has seven. We fit these models using the
scipy.optimize.curve_fit package’s Trust Region Reflec-
tive method, and our best-fit models are shown in the right
panel of Figure 3.
Our best-fit fireball model is shown using the solid red
curve. The fit is quite reasonable, although the model has
moderate discrepancies with the observed flux. Our best-fit
single- and double-component models are shown using the
dashed blue and solid green lines, respectively. By eye, the
three models are virtually indistinguishable, indicating that
there is no need to invoke a model more complex than the
single-component power-law. The χ2 per degree of freedom
(ν) for each of our three fits are given in Table 1. We find no
evidence to justify using the double-component power law,
as it produces no significant change in χ2/ν.
Although these simple fits indicate that there is no sig-
nificant secondary source of early-time emission, it is worth
examining the potential contribution to the light curve from
ejecta interaction with a non-degenerate companion given
the prominent Hα emission seen in the spectra. Kasen (2010)
showed that such interaction would produce significant ad-
ditional flux for certain viewing angles and provided concise
analytic solutions, which we utilize here. Interaction mod-
els for 1 R, 10 R, and 40 R companions are shown in
Figure 6, along with our best-fit single-component power-
law and the TESS observations immediately surrounding
the beginning of the explosion.
These interaction models depend strongly on the view-
ing angle. One generally only expects to see significant sig-
nal for viewing angles looking down on the collision region
(θ ∼ 0◦), and the models in Figure 6 assume a value fairly
close to this optimal viewing angle (θ = 45◦). Under this
assumption, it is clear that we can rule out any companion
significantly larger than 1 R for ASASSN-18tb. However,
constraining the viewing angle for any individual event is
extremely difficult. In practice, one could almost completely
mask the interaction signature from even a massive star if
it were viewed at an angle of θ ∼ 180◦.
We note, however, that the Hα emission we observe is
slightly blue-shifted (See Section 5). If the Hα signature is
indeed produced by swept-up material from a companion
star, it would appear blueshifted only for viewing angles
relatively close to θ ∼ 0◦ (Botyánszki, Kasen & Plewa 2018).
We thus regard the optimal viewing angle models shown in
Figure 6 as instructive, if not definitive, and consider non-
degenerate companions of R & R to be inconsistent with
our observations.
Kollmeier et al. (2019) showed that ASASSN-18tb is a
broadly normal under-luminous SN Ia based on its empir-
ical characteristics. Here we use our excellent set of pho-
tometric observations to estimate the near-maximum bolo-
metric luminosity and examine the physical parameters
needed to produce it. As in Vallely et al. (2018), we esti-
mate the bolometric luminosity using Markov Chain Monte
Carlo (MCMC) methods to fit a blackbody to the observed
spectral energy distribution. We limit our analysis to near-
maximum dates with good filter coverage (nfilters > 4). All
photometry was corrected for Galactic foreground extinc-
tion prior to being fit. As discussed in Section 2.2, there is
no evidence for additional extinction from the host galaxy.
Semi-analytic models for light curves powered by the
radioactive decay of 56Ni have been available for some time
(Arnett 1979, 1982). We can estimate the ejecta mass (Mej)
by assuming that the light curve peaks approximately at the
diffusion time (td). The ejecta mass is then approximated by
Mej = t
2
d
4picvej
3κ
≈
( tpeak − t1
1 + z
)2 4picvej
3κ
, (4)
where c is the speed of light,Mej is the ejecta mass, κ is the
opacity of the ejecta, vej is the ejecta velocity, z is the red-
shift, tpeak is the time of maximum light, and t1 is the time of
explosion. We will assume an approximate 10% systematic
uncertainty for our ejecta mass estimate (see, e.g., Blondin
et al. 2013, Wilk, Hillier & Dessart 2018, and Stritzinger
et al. 2006).
We again adopt MJD 58357.33 for tpeak, and we use the
t1 value from our single-component power-law model (MJD
58341.68). For the ejecta velocity, we adopt vej = 10 000
km s−1, consistent with estimates of the expansion velocity
from Eweis et al. (2018). Like Khatami & Kasen (2018) and
Sukhbold (2018), we adopt an opacity value κ = 0.1 cm2
g−1 for our model that is typical of ionized ejecta (Pinto &
Eastman 2000; Arnett, Fryer & Matheson 2017; Branch &
Wheeler 2017). Using these values, we obtain a slightly sub-
Chandrasekhar ejecta mass ofMej = 1.11±0.12 M. This is
consistent with the results of Scalzo et al. (2019), who found
a preference for sub-Chandrasekhar mass explosions among
1991bg-like SNe Ia.
We can estimate the amount of 56Ni (MNi) synthe-
sized in the explosion using Arnett’s rule, noting that at
time td after explosion, when the supernova attains max-
imum brightness, the luminosity will approximately equal
that of the instantaneous radioactive decay power from the
56Ni→56Co→56Fe decay chain. We can then solve for MNi
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Figure 5. Image subtraction light curves obtained for a 5×5 grid of points centered on the location of ASASSN-18tb. These light curves
correspond to the test coordinates indicated in Figure 4. Flux values for every epoch are shown in gray, and a 6 hour rolling median of
these flux values is shown in color. We have replaced the C4 and D3 light curves with those obtained for the exact locations of Star 1
and Star 2, respectively. Note how well Star 2 traces the pre-explosion bump artifact in the raw ASASSN-18tb light curve.
as
MNi =
Lpeak
ergs s−1
(
CNie
−td/τNi + CCoe
−td/τCo)−1 M, (5)
where the decay times of 56Ni and 56Co are known to be
τNi=8.77 days and τCo=111.3 days, respectively (Stritzinger
& Leibundgut 2005; Taubenberger et al. 2006; Martin 1987),
and CNi ≈ 6.45 × 1043 and CCo ≈ 1.45 × 1043 (Nadyozhin
1994; Sukhbold 2018).
After including a 4 Mpc uncertainty in our redshift-
estimated luminosity distance (74.2 ± 4 Mpc), our MCMC
fit yields Lpeak = (7.4±1.1)×1042 ergs s−1. From this we find
that nominally MNi = 0.31 ± 0.05 M. However, this sim-
ple model is typically only accurate to within 20% (Blondin
et al. 2013; Hoeflich et al. 2017), and it tends to overestimate
MNi for sub-luminous SNe Ia like ASASSN-18tb (Khatami
& Kasen 2018). To account for this, we report a lower limit
that is 20% smaller than that of the nominal MNi estimate.
We thus find that MNi = 0.21 – 0.36 M. This is compara-
ble to the MNi estimates found by Scalzo et al. (2019) for
the 1991bg-like SNe 2006gt and 2007ba, but is somewhat
larger than the MNi ∼ 0.1M estimated for SN 1991bg it-
self by Stritzinger et al. (2006). Futhermore, it is reasonably
consistent with the MNi ≈ 0.2 M estimate obtained using
the Goldstein & Kasen (2018) fitting functions calibrated
using a library of radiative transfer models.
5 EARLY- AND LATE-PHASE
SPECTROSCOPY
Our SALT spectra span −4 to +148 days relative to maxi-
mum light. As shown in Figure 2, excluding the broad Hα
emission, the spectra of ASASSN-18tb share many qualities
with the under-luminous 91bg-like class of thermonuclear
supernovae (Filippenko et al. 1992; Leibundgut et al. 1993;
Hamuy et al. 1994). The near-maximum spectra exhibit the
Si II absorption feature typical of SNe Ia plus hints of the
Ti II absorption of 91bg-like objects. Additionally, broad
[Ca II] emission at λ ∼ 7300Å is present in the late-phase
spectra.
The most intriguing aspect of ASASSN-18tb is the
presence of broad, FWHM ∼ 1000 km s−1 Hα emission
(Kollmeier et al. 2019). While the Hα emission is clearly vis-
ible in the > +100 d late-phase spectra (Fig. 2), we also see
evidence of Hα emission in spectra starting roughly +50 d
after peak light (Fig. 7). There is a tentative detection in the
+37 d spectrum, and a non-detection in the +30 d spectrum.
The upper limit on Hα for the +30 d spectrum assumes an
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Figure 6. The early light curve of ASASSN-18tb compared to
the companion interaction models from Kasen (2010). We adopt
t1 from our best-fit single-compnent power-law model as the time
of first light, and TESS data is shown for 4 hour bins. Our best-fit
single-component power-law model is shown in red, and interac-
tion models for non-degenerate 1 R, 10 R, and 40 R com-
panions are shown in cyan, purple, and gold, respectively. These
models are for a viewing angle (θ = 45◦) where the predicted
effect is strong. The lower panel shows residuals relative to our
best-fit single-component power-law model.
Hα profile similar to the one detected in the +37 day spec-
trum, using a FWHM velocity of ∼ 1500 km s−1 blue-shifted
by ∼ 1000 km s−1.
To characterize the nature of the Hα emission, we sub-
tract off the continuum and fit the emission line with a Gaus-
sian profile. Fig. 8 shows the line center and FWHM evolu-
tion of the Hα emission. For comparison, we also include the
evolution of the Fe III λ4660 line in the top panel. The line
center of the Fe III feature is measured by fitting a Gaussian
profile plus linear continuum at each epoch.
We use a linear model to calculate the temporal evolu-
tion for each line,
vλ = v˙λ(t− tmax) + bλ. (6)
Here, vλ is the velocity shift from rest for the Hα (vHα) and
Fe III (vFeIII) lines at phase (t − tmax) days. The values v˙λ
and bλ are computed using linear least-squares fitting and a
bootstrap-resampling technique to estimate the uncertain-
ties. The value from Kollmeier et al. (2019) does not have
a reported uncertainty, so we do not include it in our fit.
We see clear evidence for varying line velocities, with v˙Hα =
6.9+2.0−1.2 km s
−1/day and v˙FeIII = 20.3+2.0−1.9 km s
−1/day. The
line velocity drift rates for these two lines are discrepant at
∼ 5σ.
We also fit the FWHM velocity (∆vFWHM) of the Hα
emission, shown in the bottom panel of Fig. 8, and find
a weighted mean of ∆vFWHM = 1390 ± 220 km s−1. To
determine the temporal evolution of ∆vFWHM, we use the
same linear model and bootstrap-resampling technique as
before, finding the width of the Hα emission is consistent
with a temporally constant value, although the uncertainties
are large (Fig. 8).
Because a roughly constant Hα flux is consistent with
CSM SNe Ia, we searched for other emission lines associ-
ated with circumstellar interaction, such as He I and Hβ. No
other broad emission lines atypical of SNe Ia are found in our
spectra and we place upper limits on these non-detections.
For the early-phase spectra (< 100 d after max), we place
a limit on the Balmer decrement of FHα/FHβ & 2. For the
late-phase spectra we place a limit of FHα/FHβ & 5, consis-
tent with the value found by Kollmeier et al. (2019). For the
non-detection of He I λ5875, we find FHα/FHeI & 3 for all
spectra.
6 DISCUSSION AND CONCLUSIONS
ASASSN-18tb is clearly an unusual event, and its place in
the ever-changing menagerie of supernova taxonomy will
likely be the source of ongoing discussion. The detection
of strong Hα emission in an empirically normal SN Ia is
unprecedented. Kollmeier et al. (2019) discussed possible
sources for this signature, including swept up material from
a non-degenerate companion and CSM interaction, but their
analysis was necessarily limited by having only one post-
maximum spectrum to examine. With our additional pho-
tometric and spectroscopic observations, we can provide a
more extensive discussion of the origin of ASASSN-18tb and
its unusual characteristics.
While the FWHM ∼ 1000 km s−1 Hα emission we ob-
serve in the late-time spectra is consistent with the predicted
signatures of swept up material from a non-degenerate com-
panion, other aspects of the emission are not. It is difficult
to reconcile the approximately constant Hα luminosity with
this interpretation, as one would expect the Hα to follow
the SN bolometric luminosity. This is because the Hα emis-
sion is powered by gamma-ray deposition from the decay
of 56Ni, the same source which powers the SN light curve
(Botyánszki, Kasen & Plewa 2018). Additionally, if the H
were swept up in the SN ejecta the velocity evolution of Hα
emission should approximately trace that of Fe III (Botyán-
szki, Kasen & Plewa 2018), but we do not observe this in
ASASSN-18tb.
It is possible the companion interaction models do not
accurately represent the early evolution of the Hα emission.
Models in the literature do not provide a clear calculation
of when stripped material should start becoming visible. For
all spectra with detected Hα emission, the Fe emission fea-
ture at λ ≈ 4660Å is also present, indicating that the inner
ejecta are partially visible. However, for the Hα emission
to stem from a stripped companion, the Hα material would
need a previously unincorporated external power source or
trapping mechanism to sustain the near-constant luminos-
ity. Furthermore, the early-time TESS light curve shows no
indication of the excess predicted from ejecta-companion in-
teraction, as discussed in Section 4.
The more likely interpretation appears to be that the
Hα signature is a product of CSM interaction. An approxi-
mately constant Hα luminosity prior to ∼ 150 days beyond
maximum light is an established feature of SNe Ia-CSM,
and while we do not detect Hβ emission in the spectra we
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Figure 7. Left : Flux-calibrated spectral evolution of ASASSN-18tb. Insets: Zoom-in view around Hα for early-phase (top) and late-
phase (bottom) spectra. The dashed red lines indicate the continuum fit and the vertical dotted line indicates the rest wavelength of
Hα. Right : Evolution of the integrated Hα luminosity as a function of time from peak brightness compared to the evolution of the
approximate optical luminosity (integrated from 4000 − 7000 Å, red) and the integrated Fe III λ4660 luminosity (blue) over the same
timespan. Colored points correspond to the same color spectrum in the left panel. The right axis denotes the measured flux values since
the distance is uncertain. K19 refers to values taken from Kollmeier et al. (2019). The Hα luminosity does not track the falling luminosity
of the SN and is consistent with a constant value.
present, the upper limit we place on the Balmer decrement in
late phase spectra (FHα/FHβ & 5) is consistent with mea-
surements by Silverman et al. (2013) for the SNe Ia-CSM
population. However, even among this rare class of events
ASASSN-18tb stands out as a significant outlier in many
respects.
A major difference between ASASSN-18tb and other
SNe Ia-CSM is that the light curve of ASASSN-18tb is fairly
normal for a low-luminosity SNe Ia, while other SNe Ia-
CSM generally do not obey the standard empirical SNe Ia
light curve relations (Silverman et al. 2013). Silverman
et al. (2013) also found that all SNe Ia-CSM have abso-
lute magnitudes in the range −21.3 mag 6 MR 6 −19 mag.
ASASSN-18tb is nearly a full magnitude less luminous, with
MR ≈ −18.1 mag. Additionally, while all of the SNe Ia-CSM
identified by Silverman et al. (2013) were found in late-type
spirals or dwarf irregulars (star-forming galaxies indicative
of young stellar populations), as noted by Kollmeier et al.
(2019), the host of ASASSN-18tb is an early-type galaxy
dominated by old stellar populations.
ASASSN-18tb is also spectroscopically distinct from the
SNe Ia-CSM population at early times. While previously
identified SNe Ia-CSM resemble slow-declining, overly lu-
minous 1991T-like SNe Ia, ASASSN-18tb is more compara-
ble to the fast-declining, underluminous 1999bg-like SNe Ia.
Like SN 1991bg, ASASSN-18tb falls in the “Cool” (CL) re-
gion of the Branch et al. (2006) Diagram, while SN 1991T
and the SNe Ia-CSM belong to the “Shallow-Silicon” (SS)
subtype (Kollmeier et al. 2019).
Whether ASASSN-18tb represents a distinct sub-class
of SNe Ia-CSM or the extreme end of a continuum remains
to be seen, but it is clearly inconsistent with the proper-
ties of previously studied SNe Ia-CSM. Future observations
and theoretical studies of this event will hopefully shed light
on its unusual characteristics. X-ray emission has previ-
ously been observed for one Ia-CSM SN 2012ca by Boch-
enek et al. (2018), and such signatures may be visible for
ASASSN-18tb, although the presumably low density CSM
of this event would likely make such an observation very
challenging. Radio observations are powerful probes of the
CSM surrounding SNe (Chomiuk et al. 2012; Krauss et al.
2012; Milisavljevic et al. 2013), and may be able to better
characterize the environment of ASASSN-18tb.
Recent work indicates that underluminous SNe Ia tend
to be produced through the collisional model (Dong et al.
2015; Vallely et al. 2019). As shown by Piro, Thompson &
Kochanek (2014), the combination of the WD mass function
and the collisional model simulations of Kushnir et al. (2013)
predict a 56Ni yield distribution peaked nearMNi ∼ 0.3M,
strikingly similar to the MNi = 0.29± 0.07 M we estimate
for ASASSN-18tb. As such, it is interesting to ponder a sce-
nario where one might be able to observe CSM interaction
from a collisional model DD progenitor scenario. It may be
possible to achieve this by invoking a red giant tertiary.
The collisional model requires a tertiary to drive the
eccentricity oscillations that produce the collision. Occa-
sionally the tertiary would be an evolved red giant whose
mass loss could produce a low density CSM into which the
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Figure 8. Evolution of the Hα profile as a function of time.
K19 refers to values taken from Kollmeier et al. (2019) which are
not included in the fitting process due to the lack of reported
uncertainties. Top: Velocity shift as a function of time for the
Hα (black) and the Fe III λ4660 (blue) emission lines. Note that
our best-fit solution for Hα aligns with the K19 measurement
even though it was omitted from the fit. Bottom: Width of the
Hα emission feature as a function of time. The width is roughly
constant over the span of our spectral observations.
SN then explodes. While Silverman et al. (2013) found that
nearly all SNe Ia-CSM exhibit Hα luminosities in the range
1040 − 1041 ergs s−1, the Hα luminosity of ASASSN-18tb
is 2 orders of magnitude lower at ∼ 1038 ergs s−1. This
implies an overall lower amount of CSM material for the
ejecta to interact with, which can be explained by a tertiary
with relatively low mass that has outlived the inner binary.
Further observations and theoretical modeling will hopefully
constrain the mass of the Hα emitting material, which can
provide additional clues to its origin.
The TESS observations we present also emphasize how
powerful the mission will be for probing the early-time be-
havior of SNe. Due to its smaller aperture and wide field of
view, TESS cannot match Kepler ’s exquisite precision for
events of comparable brightness. However, TESS covers a
much larger area of the sky, and will be able to observe sig-
nificantly more SNe over the duration of its two year mission.
So far, six SNe have been published from the Kepler and K2
missions (Olling et al. 2015; Garnavich et al. 2016; Shappee
et al. 2019), whereas TESS will obtain obtain relatively high
precision light curves for ∼ 130 SNe (∼100 SNe Ia, and ∼ 30
SNe II; Fausnaugh et al. 2019). These observations will pro-
vide an unparalleled sample of early-time SN light curves.
While it is difficult to produce stringent upper limits
on companion interaction light curve signatures in a sin-
gle event (due to the strong viewing angle dependence of
the predicted effect), this can easily be accounted for once
a large sample of light curves has been collected, and the
predicted emission from the Kasen (2010) companion in-
teraction models is readily detectable in the TESS band
(Fausnaugh et al. 2019). TESS will either finally detect the
long-sought signature of companion interaction, or put strin-
gent non-detection limits on the phenomenon and add to the
growing list of observational constraints in tension with the
single-degenerate scenario.
Another advantage of this sample is that because these
TESS SNe are necessarily bright, it will be possible to obtain
late-phase spectra for them. Observations of ASASSN-18bt
(Shappee et al. 2019; Dimitriadis et al. 2019a) showed that
the early-time light curve alone leads to degeneracies be-
tween the observational signatures of the interactions with
a nearby companion, radioactive material near the outside
of the ejecta, and circumstellar interactions. The combina-
tion of a large number of well-observed early-time TESS SNe
light curves and late-phase spectra of these transients will
provide a unique probe that can break these degeneracies.
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